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METHOD TO FORM VERY THIN METAL FILMS 

CLAIM(S) 

A method to form a very thin metal deposition film comprising a 
process, wherein a strip-shaped substrate comes down from above in an 
vacuum, and is inverted by a horizontally installed rotary processing drum; 
said method characterized in that composite boats, each having a storage tank 
with a horizontal sectional dimension 300 - 700mm 2 and a depth 2 mm or 
more, are positioned with a 200 mm or lesser space between them along the 
width direction of the strip-shaped substrate, underneath the strip-shaped 
substrate, and in that a metal is continuously supplied to the composite boats, 
and heated to generate the metal vapor, in order to deposit the metal on a 100 
- 300 mm exposed vapor-deposition section made on the back surface of the 
substrate. 

DETAILED DESCRIPTION OF THE INVENTION 
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(Field of Industrial Application) 

The present invention pertains to a method to vapor-deposit a metal on 
a strip-shaped substrate surface of paper or high polymer film in a vacuum 
atmosphere. 
(Prior Art) 

When a metal such as aluminum is vapor-deposited on a strip-formed 
substrate such as a high polymer film strip or paper strip, a beautiful metallic 
glow can be produced in addition to an inherent characteristics of the 
substrate, and also other characteristics, such as a gas/steam sealability and a 
light-shielding effect, are extremely improved, so such a substrate is very 
extensively used in recent years. Particularly, the improved color of the 
surface and excellent sealing and light-shielding effects are most appropriate 
characteristics of a food-packaging material, so a metal-deposited film is 
widely used for such a purpose. As to a general method for metal vapor- 
deposition, there is a process wherein a strip-shaped substrate coming down 
at constant speed from above in a vacuum is inverted by a horizontally 
installed rotary processing drum and is transferred upward. In this process, a 
composite boat for metal vapor-deposition is installed underneath the 
processing drum and the metal is supplied onto the boat to be heated and 
evaporated, to vapor-deposit the metal on the back surface of the substrate. 
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The horizontal sectional dimension of the storage unit is generally is 1500 
mm 2 . The film thickness from the metal deposition is adjusted by controlling 
the generated amount of the metal vapor, and the metal deposition film with 
the film thickness ranging of 500 - 1 ,000/, at which the sealing effect and 
shielding effect required for packaging bags can be sufficiently demonstrated, 
was extensively manufactured. 
(Problems of the Prior Art to Be Addressed) 

However, with the method to control the transfer speed of the strip- 
shaped substrate and the method to control the metal vapor amount, it was 
difficult to produce a very thin vapor-deposition film with 40 - 70 /, which is 
required for a recently very popular packing material allowing a burn mark 
when cooked in a microwave oven. 

In general, the metal vapor-deposited thick film has 500 - 1,000 / 
thickness, but to produce a 40 - 70/ film thickness by using the same device, 
the present transfer speed 200 - 600 m/minute for the strip-shaped substrate 
has to be 10 times faster. But it is realistically impossible to increase the 
transfer speed by almost 10 times in terms of mechanical structure. If the 
transfer speed is increased by several times, noise will be enormously high, 
and the strip-shaped substrate will be twisted on the rotating processing drum 
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when transferred at higher speed since the strip-shaped substrate is not only 
thin but is heated in its metal-deposited section, which is not desirable. 

On the other hand, it is also possible to make the metal-deposition film 
thinner by reducing the metal deposition amount to 1/10 without changing the 
transfer speed of the strip-shaped substrate. In such a case, the temperature of 
the heat source is generally kept constant, but the supplying speed of the 
metal to be supplied to the composite boat is changed to adjust the vapor 
amount. In this case, however, if the supplying speed is slow, the supplying 
metal is evaporated in split of a second, resulting in the supplied amount = 
vaporized amount, so the change in the supplying speed directly becomes the 
change in the metal deposition amount, which is a problem In addition, since 
the amount of a melted metal is too small relative to the horizontal sectional 
dimension of the storage section in the composite boat, the melted metal 
partially remains on the bottom of the storage unit, making the evaporation 
non-uniform and creating an irregular vapor-deposition film thickness, which 
is a problem 

Even when both the transfer speed of the strip-shaped substrate and the 
supply speed of the metal are controlled, it was realistically impossible to 
control the aforementioned very thin vapor-deposition film to have uniformity. 
(Means to Solve the Problems) 
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The present invention, to solve the aforementioned problems, attempts 
to present a very thin metal-deposition film formation method comprising the 
process, wherein a strip-shaped substrate comes down from above in a 
vacuum and is inverted by the processing drum to be transferred upward. In 
said method, the composite boats, each having a storage tank with a 300 - 
700 mm 2 horizontal sectional dimension and a 2 mm or more depth at every 
200 mm or less distance in the width direction of the strip-shaped substrate 
are positioned underneath the processing drum and the strip-shaped substrate, 
and a metal is continuously supplied to said composite boat and heated to 
generate the metal vapor. Thus, the metal is vapor-deposited on the 
deposition section with an exposure distance 100-300 mm made on the back 
surface of the substrate. 

(Operation) 

In the process of forming the metal vapor-deposition film of the present 
invention, the strip-shaped substrate comes down from above in a vacuum at 
constant speed, is inverted by the rotary processing drum installed 
horizontally, and goes back up. In this process, since the horizontal sectional 
dimension of the composite boat installed underneath the processing drum 
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and the strip-shaped substrate is sufficiently small, the metal to be 
continuously supplied is melted and accumulated in the storage tank of the 
boat. The storage tank has a 2 mm depth, so the metal is supplied while 
monitoring the depth of the melted metal. By this, the metal does not become 
insufficient or overflow from storage tank, and the surface dimension of the 
melted metal is always constant and the amount of metal vapor evaporated 
from the surface is constant. Therefore, the rising metal vapor is uniformly 
deposited on the deposition section with the exposed distance 100-300 mm 
on the back surface of the strip-shaped substrate. 
(Embodiment Example) 

The present invention is explained in detail with reference to the 
embodiment example. 

Fig. 1 shows the key components used in the vacuum vapor-deposition 
method of the present invention. A preprocessed 500 mm wide strip-shaped 
substrate 1 (e.g., a polyethylene substrate) wound on a pay-out roll (not 
shown) comes down from the upper right-hand side at constant speed (e.g., 
500 m/minute), is inverted by the rotating processing drum 2, and is wound 
by the upper left-hand winding roll (not shown). Immediately under the 
processing drum 2 and the strip-shaped substrate 1, a pair of masks 4 for 
freely adjusting the exposure distance 3 in the substrate transfer direction is 
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positioned along the entire substrate width, and the exposure distance 3 is 
adjusted to 180 mm. Under the deposition section 10 of the strip-shaped 
substrate 1 formed by the masks 4, are positioned 5 composite boats (graphite 
metal-deposition container) equipped with a nozzle (not shown) for 
continuously supplying the linear aluminum, at equidistance along the width 
direction of the strip-shaped substrate 1. The boat is equipped with a storage 
tank with horizontal sectional dimension 450 mm 2 (width 15 mm and length 
30 mm) and depth 3 mm, wherein is melted a linear metal (e.g., aluminum) 
supplied by resistance heat to almost 2 mm depth, and this metal generates 
the metal vapor 6. The metal vapor 6 rising between the exposed distance 
formed by the masks alone is deposited on the deposition section 10 of the 
back surface of the strip-shaped substrate 1. On the surface of the strip- 
shaped substrate 1, the aluminum was deposited uniformly with a 50-60 / 
thickness in the width and length directions. 

For the horizontal sectional dimension of the storage tank 50 of the 
composite boat 5, a 300 - 700 mm 2 dimension is preferred. With 300 mm 2 or 
less, the amount of vapor deposition is insufficient, so many composite boats 
need to be positioned to produce the deposition film with 40 - 70 /, which is 
desirable for a packaging material used in a microwave oven, by transferring 
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the 200 - 600 mm wide strip-shaped substrate 1 at 200-700 m/minute transfer 
speed, but it is difficult to control the evaporation amount from all the 
composite boats at a constant level. On the other hand, when the horizontal 
sectional dimension exceeds 700 mm 2 , the horizontal sectional dimension of 
the storage tank 50 is too large, so the melted metal is accumulated only on 
one part of the bottom, which is a problem. There also is a problem that the 
temperature irregularity is generated in the storage tank 50, undercutting the 
uniform evaporation amount. 

The reason for setting the depth of the storage tank at 50 mm or more 
is to store the melted metal with stability. With the depth of 2 mm or less, the 
supplied amount of the metal and its evaporated amount will not coincide, and 
the melted metal may result in an insufficient amount exposing the bottom or 
may result in too much amount inviting the risk of overflowing. As long as 
there is a 2 mm or more depth, a slight difference between the supplied 
amount and evaporation amount can be adjusted well by monitoring the depth 
of the melted metal during the operation of the device. If there is a 5 mm 
depth or more, directivity is generated in the generation direction of the metal 
vapor 6 and the vapor deposition film thickness may be changed in the width 
direction of the strip-shaped substrate 1, depending upon the positional 
relationship between the strip-shaped substrate 1 and the composite boat 5, in 
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other words, depending upon the vertical distance between them relative to 
the position of the strip-shaped substrate 1 in the width direction. In such a 
case, the distance between the composite boats needs to be made shorter. 
When the exposure width 3 is narrow, the metal deposition amount can be 
controlled more accurately. But, with its width 100 mm or less, the metal 
amount deposited on the masks is increased, which is not economical. On the 
other hand, with its width 300 mm or more, the deposition amount is difficult 
to control, although it depends upon the horizontal sectional dimension of the 
storage tank 50 and its positional relationship. Accordingly, the exposure 
distance is 100 - 300 mm in the present invention. 

The reason for positioning the composite boats 5 with a 200 mm or 
lesser space between them in the width direction of the strip-shaped substrate 
1 is to reduce the change in the metal deposition film thickness in the width 
direction and to improve the yield of the deposition metal. To reduce the 
change of metal deposition film thickness by positioning the composite boats 
5 with a 200 mm or more space between them, the composite boats 5 need to 
be installed at considerably lower position than the strip-shaped substrate 1, 
but at this position, the amount attached to the masks 4 will be increased. 
Therefore, in the present invention, the composite boats 5 are positioned with 
a 200 mm or more space in the width direction of the strip-shaped substrate 1 

9 



underneath the substrate 1. With the transfer speed 250 - 800 m/minute of the 
strip-shaped substrate 1, the metal deposition can be performed with 
economical stability. 
(Advantage) 

As explained above, according to the metal deposition film forming 
method of the present invention, composite boats, each having a storage tank 
with its horizontal sectional dimension 300 - 700 mm 2 and depth 2 mm or 
more, are positioned with a 200 mm or less space between them in the width 
direction of a strip-shaped substrate, underneath the strip-shaped substrate, 
and a metal is deposited on the deposition section with width 100 - 300 mm. 
Therefore, even if a small amount of metal is supplied, the melted metal is 
accumulated in the storage tank with stability since the horizontal sectional 
dimension is sufficiently small. 

In producing a very thin metal deposition film, which is as thin as 40 - 
70 /, required for a packaging material used in a microwave oven, the 
generation amount of the metal vapor evaporated from the surface of the 
melted metal is stable, so the metal film thickness deposited on the strip- 
shaped substrate is very stable. 
BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 illustrates one example into which the present invention 
embodied. 

1. strip-shaped substrate 

2. processing drum 

3. exposure distance 

4. mask 

5. composite boat 

6. metal vapor 
50. storage tank 
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ABSTRACT: 

PURPOSE: To stabilize the film thickness of a metal vapor-deposited onto a 
base material by disposing plural composite boats equipped with storage tanks 
in which horizontal cross-sectional areas and depths are specified, 
respectively, in the lower part of a band-shaped base material to uniformize 
the quantity of metallic vapor generated. 

CONSTITUTION: A couple of masks 4 is disposed right under a process drum 
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and a band-shaped base material 1, and an exposure distance 3 is regulated. 
Plural composite boats 5 are disposed at equal spaces in the lower part of a 
vapor deposition zone 10 formed by the masks 4. The boats 5 are equipped 
with 

storage tanks 50 of 300∼700mm<SP>2</SP> horizontal cross-sectional 
area and 

≥2mm depth, respectively, where linear metals of Al, etc., supplied are 
melted by means of resistance heating to generate metallic vapor 6. Only the 
metallic vapor 6 ascending through the exposure distance 3 formed by the 
masks 

4 is vapor-deposited onto the vapor deposition zone 10 at the rear surface of 

the base material 1 . By this method, Al, etc., can be uniformly . 

vapor-deposited onto the surface of the base material 1 in the width and 
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